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FIELD  STRENGTHS  OT  SOME  VLF 
TRANSMISSIONS  A'T  ATMOSPHERIC  NOISE 
MEASURED  IN  EUROPEAN  AND  ASIAN  AFEAS 
JUNE,  1962  TKFCUCH  MAT,  1963 


INTRODUCTION 

The  Naval  Research  Laboratory  is  conducting  an 
invest!  gat  ion  cf  very- lev- frequency  (VLF)  radio  wave 
propagation  at  great  distances  and  over  a  long  period 
of  tire.  Per  this  investigation,  the  field  strengths 
cf  various  VLP  trar.sr.issicr.s  and  atmospheric  noise 
have  been  continuously  recorded  at  several  sites  on  the 
coasts  cf  Europe  and  the  Near  East  frer.  December  1958 
through  March  196u,  Extension  of  the  project  through  the 
spring  cf  19  6  u  vas  primarily  intended  for  obtaining  cover¬ 
age  data  cn  the  Navy's  r.ev  VLP  transmitting  facility  at 
Cutler*  Maine  which  commenced  operation  in  January  1961. 

The  re-urine  output  data  is  being  published  in 
installments  covering  each  quarter  of  the  year,  grouped 
according  to  the  seasons.  This  series  of  reports  will 
not  contain  an  analysis  cf  the  data.  Analysis  and 
correlation  cf  the  data  with  various  geophysical  phenomena 
will  be  the  subject  cf  other  reports.  This  report  is  the 
fourteenth  in  the  series  cf  these  installments  and  covers 
the  fifteenth  through  the  eighteenth  quarters,  June  1962 
through  May,  1963,  Reference  1  covered  two  quarters. 

TRANSMISSION  PATHS 

During  the  period  covered  in  this  report,  field 
strengths  cf  VLP  transmissions  and  atmospheric  noise 
were  recorded  at  Harrerfest,  Norway,  and  Karachi,  Pakistan. 
The  precise  locations  cf  these  recording  sites  are  given 
in  Table  1.  The  locations  cf  the  U,  S,  Navy  VLF  transmitters 
are  given  in  Table  2. 

A  VLF  recording  site  was  installed  in  Karachi,  Vest 
Pakistan  in  June  1951  and  was  operated  through  March,  1961*. 
However,  due  tc  the  severe  environmental  conditions, 
other  local  problems,  ar.d  the  use  cf  the  unreliable  in¬ 
strumentation  discussed  above,  many  equipment  outages 
resulted.  As  a  consequence,  consistent,  usable  data  were 
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ccvZirTj  stiticr. «  A  brcadband  ar.tar.ru  coupler  >  ■*  us®a 
tc  ccur  1 «  the  ar.ter.na  tc  AM .  V”'*- 15;  __r.  d  AM/ VF“*® 
fjj’i  strength  retera  which  drive  Tsterlirit,*Atti'US 
strip  chart  recorders.  The  whip  ar.ter.na  sy  s  ter.  i* 
calibrated  periodically  using  a  Iccp  antenna* 


these  periods  tha 
Atrcstharlc  r.cise 


the  sublet’ 


data  vere  reccVvla^* 


The  aor.cspharic  r.cise  field  strengths  reported 
are  average  values  reccrded  cr.ce  each  hour  during:  *••* 


three  rinuta  "c: :"  rericd  cf  the  transmitters  ..'.scussea 
above,  The  AM/V?>'«i33  equitrer.ts  have  a  ncriftA*  r.cise 
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Signal  field  Strengths 

The  signal  field  strengths  given  in  this  revert  are 
avenge  values  ever  the  three  rir.ute  "leered  Kty" 
pericd  reccrded  cr.ce  each  hcur*  and  nerr. alized  to  a 
radiated  power  cf  ere  kilowatt.  Th*  signal  fiei^ 
strengths  are  calculated  fren  the  reasurer.entl  c* 
average  signal  plus  r.cise  and  the  average  r.cise  rado 
during  the  lecked-key  and  eff  periods  cf  the  transn 
The  radiated  pever  during  each  lec ked-k.ey  perlr«  15 
deterrir.ee  frer  a  measurement  cf  the  average  trar.s- 
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AVERAGE 

radiat:??;  resistance 

T3I*  VLF  TRANSMITTERS 

Station 

Frequency 

kc 

Radiation  Resistance 
ohms 

NAA 

l<*.7 

0.071 

N9A 

1»:0 

9.011 

NPS 

ll>t 

0.079 

NPH 

19.1 

0.077 

m 

32,3 

'  0.13% 

Sjgnal-to-Ncisa  Ratios 

Tha  signal  to  atmospheric  noisa  ratios  for  aaeih 
hourly  Iceked-key  ar.d  off  period  reported  are  tha  ratios 
of  tha  lccked-key  field  strength?  normalized  to  a  radia¬ 
ted  power  of  one  kilowatt ,  to  the  average  atmospheric 
noise  field  strengths  normalized  to  a  100  eps  bandwidth. 

Transmitter  Radiated  Power 

As  previously  stated,  the  field  strengths  of  all 
transmissions  reported  herein  have  been  nonaalixed  to 
a  radiated  power  of  one  kilowatt  The  radiated  power 
during  each  field  strength  measurement  is  calculated 
by  squaring  the  average  transmitting  antenna  current 
censured  during  each  lccked-key  period  and  multiplying 
by  the  average  value  of  radiation  resistance  (Table  3), 
To  determine  the  various  propagation  »f facts,  it  is 
necessary  to  normalize  the  data  to  a  constant  radiated 
power.  However,  for  planning  communication  circuits 
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ar.d  deterrininf  -he  reliability  ef  the  circuits,  it  is 
necessary  tc  knew  the  radiated  rc-er  capability  cf  each 
" r ir.$“ * dci.xty % 

Is  Tables  -  and  3  the  average  radiated  power  for  each 
tra.-.sritter  fcr  each  rcr.th  is  fiver,  along  with  the  nur-ber 
cf  hourly  periods  durir.f  vhich  the  Iccked-V.ey  test  was 
r.ct  orarsrirted,  ~cr  apprcxi.-ately  six  hours  each  week* 

S?"  operates  with  cr.ly  half  cf  its  trar.srittir.f  syster  for 
routine  rair.ter.ar.ee,  Although  these  periods  have  been 
referred  tc  as  "half-power"  trar.srissicr.s,  the  reduction  in 
radiated  power  during  such  cyeraticr.  is  considerably  r ore 
than  3  db.  These  "half -syster"  trar.srittir.f  periods  were 
r.ct  used  ir.  deterrir.ir.f  the  average  radiated  yever  fren 
:;??  because  r.crrally  the  sifr.al  is  undetectable  at  all 
data  raccrdir.?  staticr.s  durir.f  these  perieds.  The  MAA 
transmitter  alsc  cyerates  periodically  frer  half  ef  the 
syster  at  a  reduction  in  radiated  yever  cf  ayyrexirately 
3  db.  3 ir.ee  these  "half  yever"  trar.srissicr.s  can  be 
received  at  all  cf  the  data  recording  stations,  they  are  not 


S3  *3  *..«  r.*tr.iV  average 

radiated  yever  is  ccrputed  separately  fcr  the  full  and 
"half  power"  trar.srissicr.s. 
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The  data  are  reported  in  several  forms  as  follows* 

1.  The  mean  plus  and  minus  cne  standard  deviation 
or  the  signal  ar.d  the  atmospheric  noise  field  strengths 
r.d  the  signal-tc-noise  ratics  fcr  each  hour  of  one  day 


for  a  period  of  one  month, 

: .  The  rear,  fcr  the  signal  field  strengths  and  the 
aigr.al-tc-r.cise  ratics  f or  each  hour  cf  the  day  over 
approximately  ten  day  periods  cf  each  month. 

1,  The  probability  distribution  of  the  signal  and 
the  atmospheric  r.cise  field  strengths  and  the  signal-to- 
-else  ratics  fcr  a  period  cf  cr.s  r.cnth. 

:;:TE:  The  probability  distribution  presented  in  the  signal 
ar.d  r.cise  data,  separately,  are  not  tire  correlated. 

That  is,  a  high  signal  level  did  not  necessarily  occur 
simultaneous!’.*  with  a  high  r.cise  level.  Therefore,  these 
tve  sets  cf  d'ata  cer.net  he  used  fcr  determining  the  signal- 
tc-r.cisa  probability  distribution,  Graphs  shoving  the 
true,  signal-tc-noise  prebability  distribution  ere 
presented,  however. 

Zr.  processing  the  data  included  in  this  report, 
atmospheric  r.cise  field  strengths  are  computed  only  for 
the  hours  during  which  a  signal  field  strength  is  con- 
puted  frem  a  recorded  locked  key  transmission.  Ideally 
this  occurs  cr.ce  an  hour,  every  heur.  Priority  traffic 
end  scheduled  maintenance  at  the  transmitter  and  emergence 
maintenance  et  the  transmitting  and  receiving  sties 
thwart  efforts  tc  attain  the  ideel  situation.  The  actual 
number  cf  recorded,  locked  key  transmissions  is  indicated 
above  each  hourly  plot  or.  the  monthly  signal-tc-noise 
ratio  curves.  These  numbers  apply  to  the  signal  and 
atmospheric  r.cise  field  strengths  as  well  as  the  signal- 
tc-noise  ratio  calculations. 
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Turing  the  period  covered  by  this  report,  ?IAA ,  XBA,  and 
!CF?  received  good  covers  re  at  both  Karmerfest  ar.d  Karachi. 
NFV  was  r.ot  detectable  often  enough  to  provide  meaningful 


data  roe* 


most  cf  the  months  covered. 


!J5A  was  off  the  air  ar.d  X?"  switched  frequencies 
frcr.  15,5  Kc  to  IS,?  Xc  during  the  latter  part  cf  January 
ar.d  all  cf  February*  1553.  The  radiation  resistance 
reported  for  XF3  in  Table  3  was  used  fcr  both  X?~  frequencies. 

Additional  information  about  atmospheric  noise  at 


•  v* 


r.ar.v 


cations  ar 


the  world  and  fcr  the  same  period 


covered  by  this  report  ray  be  found  in  references 
3,  w,  i%  ar.d  C'% 

Figures  1  and  2  ray  be  rercved  frcr.  the  repcrt  and 
used  fcr  interpolation  cf  the  appropriate  graph  scales* 

In  yarch*  1352  new  antenna  couplers  were  installed  at 
the  Karr.erfest  and  Karachi  sites.  The  rethod  used  for 
determining  the  antenna  factor  with  the  new  coupler  was 
different  than  the  method  used  with  ths  eld  coupler  by 
a  factor  cf 


db. 


•  »  *•» 
•  *,w  v •  —  v«  3 


unate ly  this  change  was  not 


d  in  the  computer  program.  As  a  consequence, 
all  of  the  signal  and  noise  field  strengths  frcr.  these 
stations  are  in  errer  frcr.  that  date.  The  correction 
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